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We present the case of an eleven-year-old boy with history of stridor since birth with suspicion of
tracheal stenosis due to a vascular ring. CT-evaluation revealed a pulmonary artery sling (PAS) and
complete tracheal rings with a long segment funnel type tracheal stenosis. Histopathological evaluation
additionally revealed a septumwithin the stenotic part dividing the trachea into a stenotic left part and a
right part which turned out to only be an evagination like a small diverticulum. The long segment
tracheal stenosis was opened in the middle and an anterior-posterior tracheal sliding plasty was per-
formed after resecting the diseased part of the obstructive cartilage. The patient was extubated on the
third postoperative day and the stridor disappeared immediately.
To the best of our knowledge, this is the ﬁrst report of tracheal stenosis with a pulmonary artery sling
accompanied with tracheal diverticulum.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Congenital tracheal stenosis (CTS) and tracheal diverticula (TD)
are infrequently seen entities with an estimated incidence for CTS
of 1 in 64,500 births [1].
They are thought to result from aberrant embryogenesis.
TD is a benign entity characterized by single or multiple in-
vaginations of the tracheal wall [2]. TD was ﬁrst described by
Rokitansky in 1838 [3]. Two types of TD exist, congenital and ac-
quired. It often appears 4e5 cm below the vocal cords or a few
centimeters above the carina, generally in the right lateral part of
the trachea [3].
CTS is deﬁned as a narrowing of the tracheal lumen, most
commonly due to complete tracheal cartilage rings (CTR) resulting
in luminal constriction [4]. A CTR was ﬁrst reported in 1897 by
Glaevecke and Doehle who found it in association with a vascular
malformation, an aberrant left pulmonary artery (LPA) [5].
Accordingly most of the patients also have other congenital
anomalies such as respiratory (pulmonary agenesis or hypoplasia,
tracheal bronchus), gastrointestinal, renal or skeletal andstitute for Anatomy 1, Uni-
54 Erlangen, Germany.
Inc. This is an open access article ucardiovascular anomalies (patent ductus arteriosus, ventricular
septal defects, double aortic arch, aberrant subclavian artery),
particularly a pulmonary artery sling (PAS) [6]. PAS is a rare
congenital condition in which the left pulmonary artery (LPA)
originates from the right pulmonary artery. The LPA passes leftward
around the right bronchus and between the lower trachea and
esophagus. The trachea may thereby be compressed [7].
We report the details of a case of congenital tracheal stenosis
and a tracheal diverticulum associated with a pulmonary artery
sling:1.1. Case
An eleven month old boy with history of stridor since birth was
admitted to our hospital with suspicion of tracheal stenosis due to a
vascular ring. CT-evaluation revealed a classical PAS and complete
tracheal rings with a long segment funnel type tracheal stenosis.
The level of signiﬁcant tracheal obstruction was exactly were the
left pulmonary artery encircled the distal trachea after coming from
the right side. The patient was scheduled for surgery. The heart and
posterior mediastinum were exposed via median sternotomy. The
left pulmonary artery was repositioned to the left side of the main
pulmonary artery in an anatomical correct position on cardiac-
pulmonary bypass. The long segment tracheal stenosis was openednder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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a continuous 50 PDS-suture-line was performed after resecting a
diseased part of the obstructive cartilage. The patient was extu-
bated on the third postoperative day and the stridor disappeared
immediately. Antibiotic treatment was intensiﬁed after post-
operative fever and suspicion of septicemia. Further recovery was
uneventful after a short course of intravenous antibiotics. Patient
was discharged nine days after surgery and had a postoperative CT-
scan to evaluate the functional result. The tracheal repair seemed
completely wide without any malacia. However the main PA to
LPA-anastomosis showed a slight narrowing post-repair and
probably needs ballon dilatation during follow-up.
1.2. Gross appearance
The specimen consisted of a segment of the trachea, which was
about 1 cm long. The central lumen of 0,6  0,3 cm was caudally
parted by a septum, resulting in a stenotic left part with 0,3 cm in
diameter and in a right part with 0,15 cm in diameter. The narrower
right part turned out to only be an evagination like a small
diverticulum.
1.3. Histology
The upper part of the trachea, although almost normal in
diameter, was already enclosed by hyaline cartilage plates forming
an almost complete ring (Fig. 1). The septum separating the evag-
ination on the right and stenotic part of the trachea on the left
contained connective tissue with a small central cartilaginous area
(Fig. 2). The epithelial lining and rest of the tracheal architecture as
well as the caudal non stenotic part appeared normal at most with
mild reactive changes.
2. Discussion
2.1. Embryology
Most of our knowledge of tracheal development derive from
animal models [8,9]. Observations of human and other mammalian
embryos show, that the respiratory bud develops from the anterior
face of the foregut like a diverticulum as the laryngo-tracheal
groove Carnegie stages 13 and 16 (28e37 days post-fertilization).
According to the “septation-model” this groove elongates
caudally and constricts laterally, forming two lateral ridges of
mesenchyme that grow medially and fuse in the midline to parti-
tion the foregut into trachea and esophagus along the dorso-ventralFig. 1. The upper part of the trachea, although almost normal in diameter, was already
enclosed by hyaline cartilage plates forming an almost complete ring.axis. By the second intrauterine month, the trachea has differenti-
ated [10,11]. Histologically the mesenchymal rudiments of the
tracheal cartilages are present by week 8. During the next 2 weeks,
the cartilages form ﬁbroelastic tissue, and smooth muscle is
incorporated into the trachea. The trachea further divides at its
caudal end into the left and right main bronchi that further form
the lungs [12,13].
According to the ‘tracheal outgrowth’ hypothesis the trachea
develops as a result of rapid growth of the respiratory primordium
away from the foregut tube [14]. Although clear evidence for a
septation is lacking in human embryos [15] it is considered the
most likely theory [16].
In the chick embryo model [17], however, it is postulated that
two pulmonary buds appear as early as day 3e4 of chick embryo
life (stage 16). They originate from the lower part of the larynx and
the trachea will appear later only by stage 19.
According to Herrera et al. [1] either theory has to be seen in the
developmental context of inductive interaction between the
endoderm and surrounding mesoderm. Following this approach,
the parenchymal tissue and airway system are closely connected
due to this endodermalemesenchymal inductive interaction,
which occurs simultaneous to the branching of the airway system.
In embryonic vascular development, six pairs of aortic arches
connect the two primitive ventral and dorsal aortas (The ﬁfth does
not exist or exists as a bud of the sixth) [18]. The connection of the
ventral aortic pair to the dorsal aortic pair via the primary vascular
plexus of the lungs forms the sixth aortic arches and pulmonary
arteries respectively. The distal section of the sixth right arch de-
generates (stage 16e17) while the proximal part persists as the
proximal part of the right pulmonary artery. The left pulmonary
artery stems from the sixth left arch. The ductus arteriosus is
thought to derive from a connection of a vascular plexus around the
dorsal aorta with the pulmonary arteries [10,18,19]. This duct re-
mains pervious during the whole of fetal life, but then closes within
the ﬁrst few days after birth. Within 1e3 months, the ductus is
obliterated to become the ligamentum arteriosum [20].
2.2. Pathology
2.2.1. CTS
The developmental defects that result in CTS are not known.
According to Hoffer et al. [12] there are two possible embryo-
logical periods in which abnormal development may produce CTS.
Within the ﬁrst period around the 4th week of development,
abnormalities would cause the more severe forms of the disease,
which are associated with other anomalies, including heart and
skeletal malformations.
Within the second period, between weeks 8 and 10, abnor-
malities in development would be conﬁned to the developing
cartilages and their supporting tissue. Abnormalities at this stage
probably produce less severe stenosis, with fewer associated
anomalies.
Pathologically the deformity features of CTS include quite a
variety but the common denominator for all is the congenital
narrowing of the lumen of the trachea.
A further obstruction of this lumenmay be caused by thickening
of the mucosa from hyperplasia of the connective tissue or sub-
mucosal glands and [21].
The cartilaginous rings in the infant suffering from CTS due to
CTRs may affect varying lengths of the trachea; in addition, the
trachealis muscle is absent. The degree of stenosis may range from
mild to severe while the diameter of the stenotic tracheal segment
is always smaller than the non-affected part cranially [4].
As already pointed out isolated CTS without any associated
malformation is uncommon. CTS is usually associated with other
Fig. 2. The septum (asterisk) separating the evagination on the right and stenotic part of the trachea on the left contained connective tissue with a small central cartilaginous area
(insertion).
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poplasia, tracheal bronchus), gastrointestinal, renal, skeletal or
cardiovascular abnormalities such as ventricular septal defects,
patent ductus arteriosus, aberrant subclavian artery double aortic
arch and a pulmonary artery sling (21%) [22].
Diagnosis and treatment of CTS with these associated conditions
can be difﬁcult. Either the associated malformations mask the CTS
related respiratory symptoms, or they increase the severity of the
symptoms. Of course, they can also increase the operative risk [1].
Classical description and classiﬁcation of CTS was performed by
Cantrell and Guild [21]. Three morphologically distinct groups ac-
cording to anatomic criteria were formed.
1 General hypoplasia;
2 Funnel shaped trachea and
3 Short segment stenosis.
Anton- Pacheco [23] introduced an additional classiﬁcation
system for CTS in 2003, which is based on functional symptoms at
the time of clinical presentation. This classiﬁcation of CTS, has an
additional sub-classiﬁcation added (A or B) indicating the presence
or absence of associated malformations.
In 2011 yet another classiﬁcation system for CTS was developed
by Speggiorin et al. [24] who outlines some recognizable
morphological patterns. The most frequently seen patterns are:
(1) CTRs that are of reasonable size proximally, but that cone
down to a small distal ring close to the carina;
(2) The “stovepipe” airway with a long segment of CTRs of
similar diameter;
(3) A short-segment stenosis, often in the midtrachea; and
(4) CTRs associated with a high tracheal (or pig) bronchus.
Overall, there is a trend toward correlating anatomical types
with functional categories.
Generalized hypoplasia tends to be severely symptomatic,
whereas segmental stenosis is categorizedmilder. Yet, overlapping of
different categories are often. Mild and moderate categories can
change into more severe ones due to complications by infection
involving airways that can easily aggravate the situation. To date,
these classiﬁcation systems have worked in a complementary
manner in managing CTS patients. Functional classiﬁcation works
well for the selection of operative candidates, whereas anatomic
classiﬁcation is important for theoperativeapproach to repairCTS [1].2.2.2. Slings
The details and embryological processes involved in the for-
mation of tracheal anomalies associated with vascular malforma-
tions were described by Backer andMavroudis [25]. Preservation or
deletion of speciﬁc segments of the rudimentary aortic arch com-
plex determine the pathophysiological changes. Tracheal or tra-
cheoesophageal compression may be accompanied by these
malformations. Among them the most common are double aortic
arch, right aortic arch, innominate artery compression syndrome,
aberrant right subclavian artery and pulmonary artery sling [25].
“Pulmonary artery sling” is the term commonly used to describe
an anomalous or aberrant left pulmonary artery [26]. The anatomy
of this complex emerges when the LPA deriving from the right
pulmonary artery passes leftward and around the right bronchus
and between the lower trachea and esophagus. The ductus arte-
riosus on the other hand originates from the main pulmonary ar-
tery and passes anteriorly and superior to the left main stem
bronchus to join the descending thoracic aorta. This way the ring is
completed. The right main stem bronchus and esophagus can be
compressed this way.
This condition was ﬁrst recognized by Glaevecke and Doehle [5]
in 1897 but Contro and associates [27] ﬁrst introduced the term
“vascular sling” to distinguish this entity from a vascular ring
(double aortic arch or a variant right aortic arch with an aberrant
left subclavian artery and a ductal remnant completing the ring
[28]). The term “ring-sling complex” was introduced by Berdon and
associates [29] to emphasize the often co-existing tracheal
anomaly.
Those affected by PAS have either a normal bronchial pattern (a
few of them being asymptomatic adults) or more malformations of
the bronchotracheal tree (eg, stenosis of a long segment of the
trachea or absence of the pars membranacea) as well as cardio-
vascular abnormalities with a high mortality and morbidity during
infancy [30].
The compression of the lower trachea usually leads to respira-
tory symptoms of wheezing and stridor. The bronchial compression
(usually on right side) causes air trapping, pneumonia, and atel-
ectasis. Failure to recognize these symptoms can lead to sudden
death in neonates and infants [31].2.2.3. Diverticula
The largest series of 64 cases was reported by Goo et al. [32]. The
overall prevalence is about 1% according to an autopsy series by
MacKinnon [33] and 0.3% in children over 10 years of age according
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ticula affects more males than females [34,35].
Diverticula are thought to derive from an aborted, abnormally
high division of the primary lung bud or a vestigial supernumerary
lung [3]. Another explanation is a defect in endodermal differen-
tiation during the development of the posterior tracheal wall or a
defect of the differentiation of the tracheal cartilage during the
sixth week of fetal life [36]. Typically the diverticula are ﬁlled with
mucus and (like a real diverticulum and not like a pseud-
diverticulum) are like an evagination of all parts of the wall,
thereby possessing a complete tracheal wall anatomy.
Sometimes it is associated with other congenital malformations
such as trachea-esophageal ﬁstula [37].
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